Introduction
Wild waterfowls are the natural hosts for all of the 16 hemagglutinin (HA) and nine neuraminidase (NA) subtypes of the influenza A virus (Alexander, 2000; Fouchier et al., 2005) .
The virus increases its genetic diversity by undergoing extensive reassortments with other influenza A viruses of multiple origins.
Since the end of 2003, a series of outbreaks caused by highly pathogenic avian influenza (HPAI) H5N1 viruses had occurred in poultry in Vietnam, and sporadic human infections have followed (Hien et al., 2009) . In order to cope with the unprecedented public and animal health threats, nationwide disease-control activities including the restriction of animal movements, pre-emptive culling, a ban on waterfowl hatching, and a mass vaccination campaign had started in Vietnam in 2005, and in a consequence, H5N1 virus outbreaks had been absent in the period between December 2005 and October 2006 in the country (Dung Nguyen et al., 2008) . However, H5N1 viruses has re-emerged and cased outbreaks among poultry in 2007 again in Vietnam (Minh et al., 2009 ).
H6 and H9 AI viruses are widely distributed subtypes among poultry and wild birds in Asia (Huang et al., 2010; Moon et al., 2009; Nagarajan et al., 2009 ). The first H6 influenza 4 virus was isolated from a turkey in 1965, and since then, H6 viruses have been isolated with increasing frequency from wild birds and poultry in southern China and Southeast Asia (Webster et al., 1992) . Similarly, H9N2 viruses have circulated in domestic poultry in mainland China since 1994 and have been the most prevalent subtype in chicken populations (Liu et al., 2003a; Liu et al., 2003b) . Gene segments analyses on AI viruses revealed that A/teal/Hong Kong/W312/97 (H6N1) and A/quail/Hong Kong/G1/97 (H9N2) were closely related to the Hong Kong H5N1 viruses (Chin et al., 2002; Guan et al., 1999; Hoffmann et al., 2000; MMWR, 1997) . Although the event was observed merely in the Hong Kong "bird flu" incident in 1997, and was not the case with the large diversity of subsequent H5N1 viruses, it is worthy to monitor the distribution of H6 and H9 AI viruses among poultry raised in farms in Hanoi and to study their genetical backgrounds, considering the geographical vicinity of northern Vietnam to southern China, and the close interaction of influenza viruses between these areas (Nguyen et al., EID, 2008) . In addition, there are several reports implicating potential for AI viruses to cause avian-to-human interspecies transmission. For instance, H9N2 subtypes of avian origin and closely related to viruses circulating in poultry in the market have been reported to cause human infection with mild clinical symptoms in Hong Kong (Butt et al., 2005) , and farmers participating in backyard or free-ranging turkey production methods are likely to be associated with the increased risks of H6 subtype infection (Kayali et al., 2009 ).
In the present study, we report the genetic characteristics of AI viruses isolated from ducks in Hanoi in northern Vietnam in the period between February and April 2009. HA, NA, and NS genes of all AI isolates, and the remaining 5 genes of strains examined in the study were sequenced and compared to those of publically available AI strains deposited in GenBank to explore their genetic background. 
Materials and Methods

Surveillance site and specimen collection
6
secretion specimens from each duck were taken by cotton swabs and suspended in 2 ml of PBS supplemented with 0.5% bovine serum albumin, 10,000 units/ml penicillin, 10 mg/ml streptomycin sulfate, and 0.3 mg/ml gentamicin sulfate. All specimens were aliquoted into two; one for RT-PCR and the other for subsequent virus isolation, respectively, and kept at 4°C for approximately 2 h during transportation to the laboratory and then kept at −80°C until use.
RNA isolation and M gene detection of influenza A viruses by RT-PCR
Viral RNA was extracted from a 50-μl portion of all specimens using an RNA isolation kit (MagMAX-96 viral RNA Isolation Kit, Ambion) with an automated Thermo Scientific King Fisher magnetic particle processor, following the manufacturer's instructions. A 13.5-μl portion of the extracted RNA was converted to cDNA using 100 units of M-MLV reverse transcriptase (Promega) in a 25-μl reaction mixture containing 10 mM of the Uni12 primer (5′-AGCTAAAGCAGG-3′) and 0.5 mM each of dNTPs, at 42°C for 60 min (Hoffmann et al., 2001 ). To estimate the prevalence of influenza A virus among ducks collected, the influenza A virus-specific M gene was detected by PCR (WHO 2009) for all the specimens. In brief, 20 μl of a reaction mixture containing 5 μl of the synthesized cDNA, a pair of M-specific primers (A/M30F; 5′-TTCTAACCGAGGTCGAAACG-3′ and A/M264R2; 5′-ACAAAGCGTCTACGCTGCAG-3′), and 10 μl of GoTaq (Takara, Japan) was prepared for each specimen, and a 40-cycle PCR at 94°C for 30 s, 50°C for 40 s, and 72°C for 60 s was performed. The PCR products were separated on a 2% agarose gel (Sigma), and amplified fragments were visualized by ethidium bromide staining with ultraviolet illumination.
Virus isolation and identification
The specimens positive for the influenza A-specific M gene were inoculated into two 10-day-old embryonated chicken eggs that were free from specific pathogens and incubated at 35°C for 72 h, unless the embryo died before this time. The allantoic fluid was harvested from each egg and tested for HA activity using 1% chicken erythrocytes. All of the allantoic fluids
containing HA agents were further tested to determine subtypes for HA and NA by HA-inhibition and NA-inhibition tests (Aymard, 1973; Salk, 1944) A/gull/Maryland/704/77 (H13N6), and A/duck/Memphis/564/74 (H11N9), as described in previous studies (Kida and Yanagawa, 1979) . Viral RNA was extracted from fluids containing HA using the QIAamp viral RNeasy Mini Kit (Qiagen) and reverse transcribed. The synthesized cDNAs were used as templates for PCR.
DNA sequencing and phylogenetic analyses
The HA, NA, and NS genes of all isolated influenza A viruses were amplified by PCR using specific primers (Hoffmann et al., 2011) and purified using the QIAquick gel extraction kit (Qiagen). The DNA was then sequenced on an automated DNA sequencer, the ABI PRISM 3130 genetic analyzer with the ABI PRISM BigDye Terminator Cycle Sequencing Reaction kit, version 3.1 (Applied Biosystems) (Hoffmann et al., 2001 ). The PB2, PB1, PA, NP, and M genes extracted from representative isolates with distinct subtypes were amplified and sequenced as described elsewhere (Hoffmann et al., 2001) . The sequence data of each amplicon was aligned and compared with those of corresponding data deposited in GenBank. The sequence 9 corresponding to 13-1370, 64-1014, 67-1380, 32-1395, 43-2228, 187-2209, 21-2129, 31-999, 270-760 , and 56-709 nt portion was used for the alignment and comparison of H6, H9, N1, N2, PB2, PB1, PA, NP, M, and NS1 gene, respectively. The GENETYX software was used for the analysis, and the phylogenetic trees were generated by neighbor-joining (NJ) methods using the ClustalW software with 1,000 NJ bootstrap replicates.
Results
Specimen collection, detection of the influenza A-specific M gene, and virus isolation
On one day in February, March, and April 2009, 489, 499, and 500 ducks were collected, and of those, the influenza A-specific M gene was detected in XX (AA%). In total, 22 strains of avian influenza viruses, consisting 21 H6N1 and one H9N2, were isolated (1.5%; 22/1488) ( Table 1) . No H5N1 strain was isolated in the study. One H6N1 strain was isolated from a specimen taken from throat, whereas, the remaining 21 strains were from cloacae. The H9N2 strain was isolated from a specimen collected in February, and all H6N1 strains were isolated from specimens collected in April (Table 1) . Ducks from which influenza viruses were isolated in the present study had been raised at two farms that were approximately 200 m apart from each other.
DNA sequencing and phylogenetic analyses
The HA, NA, and NS genes of all the 21 H6N1 strains isolated in this study were almost identical, with more than 99% homology. One strain was chosen as a representative 12 (H9N2) was categorized into the allele A lineage in which viruses originating from various animal species cluster (Fig. 3F) .
Molecular analyses of H6N1 and H9N2 analyzed in the study
Deduced amino acid analysis identified the sequences PQIETR/GLF and PAASDR/GLF at the cleavage site on HA for A/Duck/Vietnam/3T7-8/09 (H6N1), representing all 21 H6N1 strains, and the sole H9 strain A/Duck/Vietnam/C9-423/09 (H9N2), respectively (Table 2) . At the amino acid position 42 of NS1, S was used by all of the H6N1 strains isolated, but D was used by the H9N2 strain, instead. Amino acid A was universally used at the position 149 of NS1 of all of the H6N1 and the H9N2 strains. The PDZ domain-ligand ESEV sequence was found at C-terminal of the gene in all of the H6N1 strains and H9N2 strain isolated (Table   2) .
Discussion
A wide variety of HA and NA subtype combinations found in the influenza A virus enables the virus to infect a broad range of animals and raises public health concerns for the 13 genesis of a new type of virus (Webster et al., 1992) . Preparedness for an influenza virus pandemic principally focuses on the H5 and H7 subtypes, because these subtypes include strains that are highly pathogenic in poultry and cause serious illness in humans even if infections are sporadic (Malik Peiris, 2009) . It is meaningful to carry out a study on monitoring the distribution of LPAI viruses in an area proximity to southern China where LPAI viruses are believed to be involved in the genesis of the Hong Kong H5N1 virus (A/Hong Kong/156/97) (Chin et al., 2002; Guan et al., 1999; Hoffmann et al., 2000) . waterfowl along the Asian coast that encompasses several lakes used as congregation or breeding sites; the general movement for more than 100 water bird species was depicted (Takekawa et al., 2010) . Many studies have indicated that diversity of wild bird species plays an important role in the interspecies transmission of LPAI viruses (Chen et al., 2001; Hinshaw et al., 1985) and contributes to the spread of the viruses. Therefore, it is highly plausible that the migration of wild birds along the coastal East Asian Flyway is directly involved in the transmission of H6N1 and H9N2 subtypes, and is responsible for the spreading of the viruses among poultry in northern Vietnam. In addition, poultry grazing in a common waterway, a farming practice frequently observed in the area maximizes the potential for contact between wild birds and domestic poultry and consequently increases the chances of AI virus transmission. With regard to phylogenetic analyses, no evidence exists that viral reassortments occurred between H6N1, H9N2 and H5N1 strains in northern Vietnam.
The deduced amino acid sequence at the cleave site of HA of all isolates are the ones typically found in LPAI strains (Table 2) Table 2 ). The presence of serine (S) at the amino acid position 42 of the NS1 protein in H5N1 strains is reportedly contributes to an increased pathogenicity in mice by interfering innate immunity induction in host cells (Jiao et al., 2008) . The V149A mutation in the NS1 region is estimated to increase the ability of subtype H5N1 virus to antagonize interferon induction in chicken embryonic fibroblast cells (Li et al., 2006) . These cases may not apply directly to the LPAI viruses;
however, it is still of significance for any AI viruses to monitor protein regions which are vulnerable to mutations associated with increased pathogenicities in a host, which observed precedently in HPAI subtypes. Because of their low pathogenic characteristics, AI viruses including H6N1 and H9N2 subtypes are prone to infect asymptomatically and transmit among birds beyond species, which can increase the chance of mutations as well as gene reassortments during co-infection with other AI viruses. Phylogenetic and genotype analysis of these isolates provide valuable insight into the ecology and evolution of AI viruses in northern
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